ABSTRACT. Sipunculus nudus, the peanut worm, is the best known species in its genus. This unsegmented subtidal marine worm is consumed in some parts of Asia and is also used as fish bait. We found 20 microsatellite DNA markers for S. nudus. The number of alleles per polymorphic locus ranged from two to seven in a sample of 39 individuals. Observed and expected heterozygosities per polymorphic locus varied from 0.103 to 1.000 and from 0.307 to 0.771, respectively. Five loci showed significant departure from Hardy-Weinberg equilibrium after sequential Bonferroni's correction. No significant linkage disequilibrium between pairs of loci was found. These microsatellite markers will provide useful tools for investigating genetic population structure, population history and conservation management of S. nudus.
INTRODUCTION
Sipunculus nudus (peanut worm) is considered a cosmopolitan species found in all oceans from intertidal zones to a depth of 900 m. It is the most known species in the genus Sipunculus. As it is common and easily collected along the Atlantic and Mediterranean coasts of Europe, it has been studied for many decades by developmental biologists, physiologists, and biochemists (Cutler, 1994) . The body of the adult worm is around 15 cm in length but can reach up to 25 cm in some cases. S. nudus are used by humans in two different ways, as food or as fish bait. In parts of southern China such as the Provinces of Guandong, Guangxi, Hainan, and Fujian, S. nudus is collected, cleaned of its innards, and eaten as a local delicacy. Besides for humans, sipunculans are a source of food for many fishes. Among invertebrates, there are a few such as gastropods and asteroids that may feed on sipunculans as part of their diet (Kohn, 1975) . So far, studies have focused on the biology (Wang et al., 2008) , histology (Cao et al., 2009) , artificial propagation (Li et al., 2004) , and phylogeny (Schulze et al., 2007; Mwinyi, 2009 ) of sipunculan worms. In the present study, we developed 20 microsatellite loci isolated from a dinucleotide-enriched genomic library of S. nudus using the fast isolation by AFLP of sequences containing repeats (FIASCO) protocol of Zane et al. (2002) .
MATERIAL AND METHODS
A sample of 39 individuals of S. nudus were randomly collected from intertidal zones of Liusha Town, Zhanjiang County, Guangdong Province, China. Genomic DNA was extracted from the muscle tissue using a standard phenol-chloroform procedure (Sambrook et al., 1989) . Total genomic DNA (about 500 ng) obtained was completely digested with MseI and then ligated to an MseI AFLP adaptor (MA-1: 5'-GAC GAT GAG TCC TGA G-3'; MA-2: 5'-TAC TCA GGA CTC AT-3'). A diluted digestion-ligation mixture (1:10) was amplified with adaptor-specific primers (MseP: 5'-GAT GAG TCC TGA GTA A-3'). Amplified DNA fragments, with a size range of 200-1000 bp, were enriched for repeats by magnetic bead selection with a 5'-biotinylated (AC) 15 probe. Enriched fragments were again amplified with adaptorspecific primers. Polymerase chain reaction (PCR) products were purified using an EZNA Gel Extraction kit (Omega Bio-Tek). Purified DNA fragments were ligated into the pMD-18T vector (TaKaRa), and transformed into DH5α cells. Positive clones were tested by PCR using (AC) 15 and MseP as primers. In total, 99 clones with positive inserts were sequenced with an ABI PRISM 3730xl DNA sequencer. A total of 67 sequences were found to contain microsatellite repeats, and 41 of them were selected for designing locus-specific primers, using the Oligo 6 software package (Molecular Biology Insights, Inc.). Polymorphisms of all 16 microsatellite loci were assessed in 39 samples of S. nudus from Liusha Town. These microsatellite sequences have been deposited in GenBank (HM241349-HM241416) .
The PCRs were performed in a 10-μL reaction mixture containing 30-50 ng genomic DNA, 0.5 μM of each primer, 1 μL 10X PCR buffer (10 mM Tris-HCl, pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 ), 0.2 mM of each dNTP and 1 U Takara Taq polymerase. PCR runs began with an initial denaturation step at 94°C for 3 min followed by 30 cycles at 94°C for 30 s, 30 s at the annealing temperature (Ta), and 72°C for 45 s, and a final extension step at 72°C for 5 min. PCR products were separated on 8% (w/v) polyacrylamide gels using the pBR322/BsuR marker (MBI Fermentas) by silver staining. Heterozygosis values, tests of Hardy-Weinberg and genotypic equilibrium were calculated with the package GENEPOP3.4 (10,000 dememorizations, 100 batches, 5000 iterations per batch) (Raymond and Rousset, 1995) .
RESULTS AND DISCUSSION
Four loci (Snu08, Snu10, Snu12, and Snu14) were monomorphic. Descriptive statistics for the microsatellites are given in Table 1 . In polymorphic loci, the numbers of alleles ranged from 2 to 7 and observed heterozygosity from 0.103 to 1.000. Five microsatellite loci deviated significantly from Hardy-Weinberg expectations including a Bonferroni's correction (Bonferroni, 1935) , indicating either that null alleles were present or that the sample size was small. No significant disequilibrium within samples was found, indicating that genotypes at microsatellite pairs that appeared randomly associated and microsatellites were inherited in a Mendelian fashion. 2.0 1.5 0.410 0.326 0.107 TGATGGATTCTTCTTTGGA Ta = annealing temperature; N A = number of alleles; N E = number of effective alleles; H O = observed heterozygosity; H E = expected heterozygosity; HWE = Hardy-Weinberg equilibrium. P < 0.0025; (-) = monomorphic. 
